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Three Norwegians, a couple and their daughter, died from AIDS in 1976 after up to 10 years of clinical manifestations
of HIV infection (Lindboe et al., 1986, Acta Pathol. Microbiol. Immunol. Scand. 94, 117–123; Frøland et al., 1988, Lancet i,
1344–1345). We here demonstrate the presence of HIV DNA in autopsy materials from the father and the daughter. In
phylogenetic analysis, the obtained sequences of the HIV pol and vif genes clustered with the HIV-1 group O clade. The
genotyping was confirmed by detection of antibodies against HIV-1 group O in blood samples from the father and the
mother. That these and other early isolates of HIV-1 are very similar to the presently circulating viruses and not intermediates
between the present subtypes, verifies that the latest common ancestor of HIV-1 existed long before the emergence of the
present epidemic. The presence of HIV-1 group O 30 years ago suggests that the limited spread of these viruses, compared
to HIV-1 group M viruses, is not due to a later emergence of the group O viruses. q 1997 Academic Press
INTRODUCTION possibly involving the transfer of virus from chimpanzee
(Sharp et al., 1995). However, whether chimpanzees have
HIV-1 has been divided into a major group (M), which
infected humans or vice versa or both humans and chim-
is responsible for the current pandemic, and a rare outlier
panzees have become infected independently, and when
group (O) mainly found in Cameroon and neighboring
the cross-species transmissions occurred, remains to be
countries (Charneau et al., 1994; Gu¨rtler et al., 1994; Peet-
determined. Characterization of more SIV isolates anders et al., 1996; Zekeng et al., 1994). HIV-1 group M is
early isolates of HIV-1 is of great importance for under-further divided into 10 subtypes (A–J) with different geo-
standing the phylogeny and epidemiology of HIV-1.graphical distributions (Loussert-Ajaka et al., 1995; De
The earliest well-documented case of disease causedLeys et al., 1990; Gu¨rtler et al., 1994). The western part
by HIV is a Norwegian male born in 1946. As a sailorof the central African region has the highest diversity of
from 1961 to 1965, he visited ports on various continents,HIV-1 (Murphy et al., 1993; Nkengasong et al., 1994), and
the first 2 years mainly in West Africa, i.e., Nigeria andit is the region harboring chimpanzees carrying related
further west. Later he visited Asia, Europe, the Caribbeanviruses (SIVcpz) (Huet et al., 1990; Janssens et al., 1994;
region, Canada, and East Africa. His disease started inVanden Haesevelde et al., 1996). Examination of old se-
1966 with uncharacteristic myalgias, arthralgias, a macu-rum samples from this part of Africa indicates that, even
lopapulous rash, and general, persistent lymphoadeno-here, HIV-1 infection was very rare before the mid-1970s
pathy. The following year his wife developed recurrent(Kawamura et al., 1989; Dube et al., 1994; Levy et al.,
infectious complications including mucocutaneous infec-1986), which, together with phylogenetic analyses, sug-
tions with Candida albicans. Their daughter, born in 1967,gests a genetic bottleneck in the evolution of HIV-1 group
fell ill at the age of 2 with serious, recurrent infections.M some 40 years ago (Myers, 1994; Li et al., 1988; Kasper
All three died during 1976. Clinical observations, autopsyet al., 1995). The time of divergence between the two
findings, and serology indicate the diagnosis of AIDSgroups of HIV-1 is estimated to be in the latter half of
according to present criteria (Lindboe et al., 1986;the 19th century (Sharp et al., 1995).
Frøland et al., 1988).The emergence of both group M and group O viruses
Another well-documented early case of HIV infectiona few decades ago may suggest independent zoonotic
is a young male from St. Louis, Missouri, U.S.A., whoseevents (Myers, 1994; Vanden Haesevelde et al., 1996),
clinical manifestations started in 1968 (Garry et al., 1988).
There have been several other reports of patients from
1 The nucleotide sequence data reported in this article have been the 1950s and 1960s with diseases resembling AIDS
deposited with the GenBank/EMBL Databases under Accession Nos.
(Huminer et al., 1987), but with no, or inconclusive, sero-Y10995–Y10998.
logical evidence substantiating the diagnosis. A serum2 To whom correspondence and reprint requests should be ad-
dressed. Fax: /47-22042447. E-mail: bjorn.grinde@login.eunet.no. sample from Zaı¨re taken in 1959 has been shown to
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FIG. 1. Positions of the sequenced regions in the HIV-1 DNA. The positions and directions of the primers used for amplification of HIV DNA are
shown as arrows. The primers not previously published are named by a number identifying the left end of the primer, referring to the mvp5180
DNA sequence (Gu¨rtler et al., 1994). The HIVT29 PCR products sequenced in this work are shown as lines between the primers. The sequences
obtained from HIVO147 were between the primers M2384p and M2579m and between M4639p and M4806m. The capture probe is shown as a
dashed line.
contain antibodies against HIV-1 (Nahmias et al., 1986), The initial sequences were expanded with short steps
of PCR walking, i.e., amplification with primers close tobut in this case there is no information about the donor
and no material left for further studies. the end of the known sequence and primers based on
consensus sequence approximately 200 bp outside the
known sequence. In most cases a seminested PCR wasMETHODS
necessary to obtain products pure enough for sequenc-
The following autopsy materials were available: From ing. To reduce the probability of mismatches, the 3*-end
the father (O147), lymph node, liver, kidney, and lung; of the inner primer was often designed to extend only a
from the mother (Npp2), leg muscle; and from the daugh- few nucleotides beyond the outer primer.
ter (T29), lymph node, spleen, and liver. The tissues had To limit the consumption of sample extracts, HIV DNA
been fixed with unbuffered formalin, embedded in paraf- was in some cases linearly preamplified by 200 cycles
fin, and stored at room temperature. Serum taken from with only one primer close to the end of the known se-
the father in 1971 and plasma taken from the mother in quence, with addition of fresh Taq DNA polymerase (Per-
1973 and stored at 0207 were also available. kin–Elmer) every 50 cycles. Despite the high number of
After removal of the paraffin from the tissues with xy- cycles, errors will not accumulate as only the original
lene and digestion with proteinase K, DNA was extracted template molecules are being copied.
using the QIAamp Tissue kit (Qiagen). The yields were Distances between HIV DNA sequences were calcu-
measured by fluorometry, and by a human b-globin gene lated using maximum likelihood correction (the PHYLIP
PCR (Saiki et al., 1985) on various dilutions of the prepa- 3.5 software package, J. Felsenstein, Department of Ge-
rations. RNA was isolated from the blood samples using netics, University of Washington, Seattle, WA). The viral
the TRIzol (Gibco BRL) method. sequences used for comparison were HIV2ROD, HIV-2,
To enrich for HIV-related sequences in the isolated isolated in 1986, Accession No. X05291; CPZGAB,
DNA, a capture probe was made. From a few copies of SIVcpz, isolated in 1986, Accession No. X52154 (Huet
a plasmid containing HIV DNA from the HXB2 strain et al., 1990); U455, HIV-1 subtype A, isolated in 1985,
(Fisher et al., 1985), a 130-bp fragment of the pol gene Accession No. M62320; ELI, HIV-1 subtype D, isolated
protease (PR) region was amplified with the primers JA18 in 1983, Accession No. K03454; HXB2R, HIV-1 subtype
and 5*-biotinylated JA19 (Albert et al., 1990) (Fig. 1). The B, isolated in 1983, Accession No. K03455; ANT70, HIV-
PCR product was diluted to eliminate the original HXB2 1 group O, isolated in 1986, Accession No. L20587 (De
template and reamplified with the same primers. The Leys et al., 1990); MVP2171, HIV-1 group O, isolated in
biotinylated strand was attached to a solid phase (Dyna- 1994 (Lutz Gu¨rtler, personal communication); and
beads streptavidin; Dynal). After hybridization to sample MVP5180, HIV-1 group O, isolated in 1991, Accession
DNA and washing, the captured DNA was amplified with No. L20571 (Gu¨rtler et al., 1994).
primers outside the capture probe.
The PCR products were sequenced with the amplifica- RESULTS
tion primers in both directions using the ABI PRISM Dye
Terminator cycle sequencing kit and the Perkin–Elmer Even the best preparations of DNA from the autopsy
samples were negative in the 110-bp b-globin PCR when310 genetic analyzer.
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diluted more than a few logs, indicating that the DNA
was of poor quality.
Initial attempts to amplify DNA with HIV-1 consensus
primers failed. However, after using a capture probe to
enrich for HIV DNA from a lymph node sample from T29,
subsequent amplification with the primers JA17 and JA19
yielded a chimeric PCR product containing HXB2 se-
quence from JA18 to JA19 and a 29-bp HIV-1 group O-
related sequence between JA17 and JA18. In the first
rounds of amplification the capture probe had probably
acted as a ‘‘megaprimer’’ together with JA17.
Nested sets of primers based on group O consensus
sequence were then used in direct amplification at-
tempts. Sequences were obtained from seminested
PCRs on DNA from the T29 lymph node with the primers
M4774p, M4986m, and M4931m from the pol gene integ-
rase (IN) region and with the primers M2847p, M3012m,
FIG. 2. Phylogenetic trees based on alignments of (A) the 1453 bp
and M2899p from the reverse transcriptase (RT) region obtained from HIVT29 and (B) the 317 bp obtained from HIVO147 . Tree
(Fig. 1). These sequences and the initial 29-bp sequence topologies were inferred by the neighbor-joining method using the
ClustalW program (Thompson et al., 1994). The distance between twofrom the PR region were expanded by PCR walking. The
sequences is represented as the sum of the horizontal lines connectingpositions of the primers used in the successful amplifica-
them, referring to the scale. The number of bootstrap trees, of 1000,tions are shown in Fig. 1. Two steps of PCR walking
supporting a particular branching point is placed beside the nodes.
could be done from one linear preamplification.
From the daughter’s virus (HIVT29), we obtained 635 bp
of DNA sequence of the PR/RT region and 818 bp of the To verify that the HIV-1 DNAs found in these autopsy
IN/vif region (Fig. 1), and from the father’s virus (HIVO147), samples were not contaminations, the blood samples
167 bp of the PR region and 150 bp of the IN region. from the father and the mother were assayed for antibod-
In some positions degeneracies that might suggest the ies against HIV-1 group O peptides. Both samples were
presence of viral quasispecies were observed. Attempts found to contain antibodies highly suggestive of HIV-1
to amplify DNA from other regions, including the V3 re- group O infection (Franc¸ois Simon and Ibtissam Lous-
gion of the env gene and the LTR, were unsuccessful. sert-Ajaka, personal communication). The fact that sub-
HIV-1 DNA was demonstrated only in the lymph node type B strains are the only HIV that have been present
specimens from O147 and T29. Neither HIV DNA nor in the laboratory in cultured or cloned form, and that HIV
human b-globin gene DNA could be amplified from the PCR products did not appear in negative controls, also
leg muscle sample available from the mother. substantiates the authenticity of the obtained sequences.
In all phylogenetic reconstructions based on the ob-
tained DNA sequences, HIVT29 and HIVO147 ended up DISCUSSION
within the HIV-1 group O clade (Fig. 2). The HIVT29 se-
quence was equally distant from the three other group The detection of HIV-1 group O DNA in autopsy speci-
mens from some of the earliest cases of AIDS indicatesO DNA sequences available, about 0.07 substitutions
per site in the PR/RT region and 0.1 in the IN/vif region. that this rare type of HIV was already circulating more
than 30 years ago. In the regions sequenced from HIVT29 ,The distances between the HIVT29 sequences and the
nearest group M DNA sequences were calculated to the evolutionary distances within group O seem to be
about the same as between the group M subtypes. As-0.31 substitutions per site in the PR/RT region and 0.26
substitutions per site in the IN/vif region. The distance suming equal rates of evolution in the two lineages, this
supports earlier speculations that the two HIV-1 groupsbetween the 317-bp sequence obtained from HIVO147 and
the corresponding regions from HIVT29 was 0.025 substi- experienced separate bottlenecks at about the same
time (Charneau et al., 1994; Loussert-Ajaka et al., 1995;tutions per site.
Plasma taken from the father in 1971 and serum taken Myers, 1994). This suggests that the limited spread of
group O compared to group M viruses must have expla-from the mother in 1973 had previously been found to
contain antibodies against HIV-1 (Frøland et al., 1988). nations other than a more recent emergence of group O
viruses in humans. HIV-1 (group M) seems to be moreRNA isolated from these samples were negative in RT-
PCR, even with primers based on the HIVT29 sequence. infectious than HIV-2 (Gao et al., 1994; Kanki et al., 1994),
and HIV-1 group O might behave more like HIV-2 in thisAttempts to culture (Brinchmann et al., 1991) the virus
from these samples were also negative (Jan E. Brinch- respect.
Phylogenetic analyses of the HIVT29 and HIVO147 DNAmann, personal communication).
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and envelope sequence of a highly divergent HIV-1 isolate: Definitionsequences place these viruses on internal branches in
of a new HIV-1 group. Virology 205, 247–253.the HIV-1 group O clade (Fig. 2). However, as these analy-
De Leys, R., Vanderborght, B., Vanden Haesevelde, M., Heyndrickx, L.,
ses do not take into account the fact that our samples Van Geel, A., Wauters, C., Bernaerts, R., Saman, E., Nijs, P., Willems,
were collected more than 10 years earlier than the other B., Taelman, H., van der Groen, G., Piot, P., Tersmette, T., Huisman,
J. G., and Heuverswyn, H. (1990). Isolation and partial characteriza-group O strains included in Fig. 2, they still might be an
tion of an unusual human immunodeficiency retrovirus from two per-outgroup to the other group O viruses. The uncertainties
sons of west-central African origin. J. Virol. 64, 1207–1216.indicated by the lower bootstrapping values within the
Dube, D. K., Dube, S., Erensoy, S., Jones, B., Bryz-Gornia, V., Spicer, T.,
group O clade in Fig. 2 support this possibility. Love, J., Saksena, N., Lechat, M. F., Shrager, D. I., Dosik, H., Glaser,
Nevertheless, the HIV-1 viruses that probably infected J., Levis, W., Blattner, W., Montagna, R., Blumberg, B. S., and Poiesz,
B. J. (1994). Serological and nucleic acid analyses for HIV and HTLVthe Norwegian patients in the early 1960s were not more
infection on archival human plasma samples from Zaı¨re. Virologyrelated to group M viruses than are the more recent
202, 379–389.isolates of group O viruses. Other early HIV-1 isolates
Fisher, A. G., Collalti, E. F., Ratner, L., Gallo, R. C., and Wong-Staal, F.
that have been characterized also seem to fit into estab- (1985). A molecular clone of HTLV-III with biological activity. Nature
lished subtypes: the St. Louis case (Garry et al., 1988), 316, 262–265.
Frøland, S. S., Jenum, P., Lindboe, C. F., Wefring, K. W., Linnestad, P. J.,harboring a typical subtype B virus (Robert Garry, per-
and Bo¨hmer, T. HIV-1 infection in Norwegian Family before 1970.sonal communication), and a serum collected in Zaı¨re in
(1988). Lancet i, 1344–1345.1976, containing a typical subtype A virus (Srinivasan et
Gao, F., Yue, L., Robertson, D. L., Hill, S. C., Hui, H., Biggar, R. J., Nee-
al., 1989). That none of these older viruses seems to quaye, A. E., Whelan, T. M., Ho, D. D., Shaw, G. M., Sharp, P. M., and
bridge the gap between HIV-1 group M and group O Hahn, B. H. (1994). Genetic diversity of human immunodeficiency
virus type 2: Evidence for distinct sequence subtypes with differ-supports the notion that the separation between group
ences in virus biology. J. Virol. 68, 7433–7447.M and group O occurred much earlier than any evidence
Garry, R. F., Witte, M. H., Gottlieb, A., Elvin-Lewis, M., Gottlieb, M. S.,of HIV-1 infection in humans (Sharp et al., 1995). In our
Witte, C. L., Alexander, S. S., Cole, W. R., and Drake, W. L. (1988).
calculations the distance between the DNA sequences Documentation of an AIDS virus infection in the United States in
of the two groups of HIV-1 was three- to fourfold greater 1968. JAMA 260, 2085–2087.
Gu¨rtler, L. G., Hauser, P. H., Eberle, J., von Brunn, A., Knapp, S., Zekeng,than the corresponding intragroup distances. However,
L., Tsague, J. M., and Kaptue, L. (1994). A new subtype of humandue to strong selection in many of the nonsilent sites
immunodeficiency virus type 1 (MVP-5180) from Cameroon. J. Virol.and high degrees of homeoplasy in most of the silent
68, 1581–1585.
sites, this strongly underestimates the true evolutionary Huet, T., Cheynier, R., Meyerhans, A., Roelants, G., and Wain-Hobson,
distance between the HIV-1 groups. S. (1990). Genetic organization of a chimpanzee lentivirus related to
HIV-1. Nature 35, 356–359.The fact that these patients were infected with group
Huminer, D., Rosenfeld, J. B., and Pitlik, S. D. (1987). AIDS in the pre-O viruses, which were not always detected in the early
AIDS era. Rev. Infect. Dis. 9, 1102–1108.antibody tests for HIV-1 (Simon et al., 1994), may ex-
Janssens, W., Fransen, K., Peeters, M., Heyndrickx, L., Motte, J., Bedja-
plain why the original attempt at detecting HIV-specific baga, L., Delaporte, E., Piot, P., and van der Groen, G. (1994). Phyloge-
antibodies in the present patients failed (Lindboe et netic analysis of a new chimpanzee lentivirus SIVcpz-gab2 from a wild-
captured chimpanzee from Gabon. AIDS Res. Hum. Retroviruses 10,al., 1986).
1191–1192.
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